Esterases of 14 strains of Klebsiella pneumoniae, 14 strains of K. oxytoca, 16 strains of Enterobacter aerogenes and 16 strains of E. gergoviae were analysed by horizontal electrophoresis in polyacrylamide-agarose gel. Four principal esterase bands (designated El to E4) and nine minor bands differing in their activity towards synthetic substrates and in their sensitivity to heat and to di-isofluoropropyl phosphate were defined. The comparative distribution of bands showed that the four species analysed were characterized by distinct electrophoretic patterns of their esterases. Band El was found in all four species, bands E, and E, only in K. oxytoca and band E4 only in some strains of E. gergoviae. The apparent molecular weights of esterases E, and E,, determined by electrophoresis in a 4 to 30:" polyacrylamide gradient gel, were 58000 (k 1000) and 72000 (k 1800), respectively.
Pasteur de Paris (Professeur L. Le Minor) and were grown in L broth (Goullet, 1973 Inhibition by di-isojuoropropyl phosphate (DFP). DFP (Sigma) at concentrations between and 10-3 M was added to the crude extracts and the mixtures were allowed to stand for 30 min at room temperature immediately before electrophoresis.
Heat inactivation. Crude extracts mixed with an equal volume of buffer (0.06 M-Tris/glycine pH 8.7) were heated at 60 "C for 10 min.
Polyacrylamide-agarose gel electrophoresis, estimation of electrophoretic mobility (MF value) and esterase staining. These have all been described previously (Goullet, 1975 (Goullet, , 1977 .
Polyacrylamide gradient gel electrophoresis. Molecular sizes of esterases were investigated by 4 to 30 "/, (w/v) polyacrylamide gradient gel electrophoresis (Anderson et al., 1972; Margolis & Kenrick, 1968) using Pharmacia gradient gel PAA 4/30 and Tris (0.09 M)/borate (0.08 M)/Na,EDTA (0.003 M) buffer (pH 8.35) without denaturing agents. For molecular weight estimations, bovine serum albumin (Miles, Kankakee, Ill., U.S.A.) and E. coli alkaline phosphatase (Worthington, Freehold, N.J., U.S.A.) were used as reference proteins. Electrophoresis was performed at 5 "C in the Pharmacia electrophoresis apparatus GE-4. After electrophoresis, gels were stained for esterase activity and bands were marked with a copper wire. Standard proteins were subsequently stained by Coomassie blue. Esterase and protein positions were determined relative to the cathode end of the gel by direct measurement. 
PH. G O U L L E T

R E S U L T S
Polyacrylamide-agarose gel electrophoresis Esterase zymograms gave reproducible patterns characteristic of the four species tested. Electrophoretic relationships between the strains were established by multiple runs coiiiparing esterase bands in adjacent positions on the same gel.
Klebsiella pneumoniae. One major band, designated El, hydrolysed a-naphthyl acetate and, to a lesser degree, indoxyl acetate, a-naphthyl butyrate and P-naphthyl acetate (Fig. 1 ) . This band was inactivated by heat (10 min at 60 "C) and inhibited by M-DFP. Four minor bands resistant to 1 0 -3~-D F P were also observed: band ml migrated faster than band E, and was detected by indoxyl and a-naphthyl acetates, band m, was detected by 1-naphthyl acetate, band m, was stained by a-and ,!i-naphthyl acetates and band m, by P-naphthyl acetate only. Bands m, and m, were heat-resistant. Bands m, and m4 overlapped in strains 6 and 7. The electrophoretic mobility of bands m, and m3 showed no 'betweenstrain' variation (with the exception of band m, from strain 6). In addition, two minor bands, F (fast) and S (slow), were detected by P-naphthyl acetate.
Klebsiella oxytoca. Three major bands, designated El, E, and E, in order of decreasing electrophoretic mobility, hydrolysed indoxyl acetate (Figs 2 and 3a) . Band El showed the same esterolytic activity and sensitivity to heat and to DFP as the corresponding band of K. pneumoniae. Bands E, and E, reacted slightly with a-naphthyl acetate. Band E, resisted lo-, M-DFP and band E, was heat-resistant (Fig. 3b) . Two minor bands, m, and m3, were similar to those of K. pneumoniae. Band F was not detected.
Enterobacter aerogenes. The major band El and minor bands m2 and m3 (Fig. 4) esterase band, m,, hydrolysing indoxyl and a-naphthyl acetates and resistant to heat and DFP was similar to that observed in K. pneurnoniae. An additional band with characteristics similar to m, was observed in strains 29, 33 and 34. Differences in mobility between some minor bands were small and bands m 2 and m3 overlapped in most strains. Separation and characterization of bands were then achieved by varying the concentration of acrylamide and by differential heat inactivation. Band m6 reacted weakly with a-and /3-naphthyl butyrates. Band F was very faint. Each of the 16 strains showed a distinct esterase electrophoretic pattern. Enterobacter gergoviae. Typically, strains of E. gergoviae showed two major esterase bands (Fig. 5) : one, designated El, possessed hydrolysing activity similar to that observed in the other three species tested; the second, designated Ed, showing very strong esterase activity, hydrolysed all five substrates tested and was partially inhibited by M-DFP.
Bands E, and E4 from strains 45, 53,55,56, 57, 58 and 59 overlapped when 7 "/o acrylamide gels were used for electrophoresis but were clearly separated by polyacrylamide gradient gel electrophoresis (see below). Band E, was not resolved in strains 50, 5 1, 52 and 60. Two minor bands were resistant to lo-, M-DFP -band m, hydrolysing P-naphthyl acetate and band m, hydrolysing a-naphthyl and indoxyl acetates. The electrophoretic mobility of bands El ( M p x 60) and m, (MF 2 57) showed no 'between-strain' variation. In some strains a diffuse band ( M p 2 28) reacted with all five substrates (not shown).
Polyacrylarnide gradient gel electrophoresis The major esterases El, E,, E, and E, were easily detectable in gradient gels by indoxyl acetate. The El and E, bands of E. gergoviae, which for some strains overlapped in polyacrylamide-agarose gels, were well separated in polyacrylamide gradient gels. Comparison of electrophoresis for 400,900, 1500, 2000 and 2500 V h showed that asymptotic migration, necessary to determine molecular weight (Rodbard et al., 1971) , was obtained for esterases E, and E, of K. oxytoca (Fig. 6) . Using bovine serum albumin and E. coli alkaline phosphatase as standard proteins, the molecular weights of esterases E, and E, were estimated to be 58000 ( & 1000) and 72000 (k 1800), respectively.
Characteristics of the major bands are summarized in Table 2 . 
DISCUSSION
Four major esterase bands and nine minor bands were defined from extracts of strains of K. pneumoniae, K. oxytoca, E. aerogenes and E. gergoviae. The distribution of major and minor bands among the strains (Table 3) showed that the four species were characterized by distinct esterase patterns. Enterobacter gergoviae exhibited substantial differences from E. aerogenes (Table 3) . Klebsiella oxytoca differed from K. pneurnoniae in the presence of major bands E, and E, and the absence of bands m,, m, and F, whereas K. pneumoniae and E. aerogenes differed from each other only in two minor bands-band m, detected in K. pneumoniae strains and band m5 detected in E. aerogenes strains.
The present study strongly supports the phenotypic individuality of E. gergoviae (Richard, 1979; Richard et al., 1976) and provides new evidence for the differentiation of K. osytocn from K. pneumoniae (Brenner et al., 1977; Gavini et al., 1977; Hugh, 1959; Jain et al., 1974; Lautrop, 1956; Von Riesen, 1976) . The similarity of the esterase patterns of K. pneumoniae and E. aerogenes correlates well with the biochemical and serological similarities of these two species (Bascomb et al., 1971; Johnson et al., 1975; Richard, 1977; Steffen et al., 1972) .
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